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% @wcor. from article in Haosisn faitemstict and Gwatrumentation”, 1960, pages 3k
chrough 38, end translated by A. V. Stavrakis,

August 2, 1960

Charactar Tracing System for an Automatic Resder

V. A. Kovalevsky, head of Teclmical Sciences

! A, 0. Semsnovsky, Computing Center, Academy of
; Sciences, Moscow, USSR.

3 Considering that the input devices of a modern computer are still in a develop-
} ment stage and inadequate (input is slow and requires a considerable amount of
mechanical labor), the problem of developing an Automatic Reader is essentisl.

. Automation of the input device is extremely essential in the case where largs
3 numbers of documents are to be processsd, for example, bank accounts or meschanized
translators,

s Up to now, little effort has been accomplished in this field,

‘ A majority of the described devicaes have the purpose of recognising characters,
) or numbers of a particular, standard, size and style (Reference "Electrical
Engineering® 29, #250, 180-190, 1957).

However, the majar interest would be in developing an Automatic Reader capsble

of resolving letters or numbers (characters) regardless of their gize or style
with posaible defects present in the printing to be read.

Basic Principle of the Automatic Reader

The principle of the Automatic Reader presented herewith permits science to come
closer to solving the problems of character recognition regardless of their size
and style or order in which they are located.
The priaciple of the Reader is based on the following:

i 1. Tracing System

2, Direction #fnalyzer

; 3. Memory

| The photo-electric digital scanning system directs an electron beam, in the
scannar, to trace ths contour of the charactar following the outside border of
tha character land.

The wotion of the tracing beam consists of a number of discrete steps of esqual
size.

The numerical (digzitel) automat, or so called directional analyzer recognizes at
each instant of time the average direction of motion of the electron beam for
acme wimber of "steps" it has made in the past.
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The average dirsction of the scanuing sweep is compared at intervals of time against
eight predetermined directions spaced L5° apart. The one predetermined line nearest
the aversre direction of the scanning sweep, for each interval of time, is selected
in the analyzer. During each "atep" the analyzer originates a code for the average
direction of motion of the electron beam. '

From all of the sequences of recognized codes, {average directions only,) the
"balanced" sequences ore registered,

("Ralanced" sequences are considered to be the ones which repeat themselves during
& number of "steps" of the scanning system),

The analyzer asulyzes all the cods groupe previously genersted and assigns codes
to only new direction chences. '

(Summing all identical previous coded segments and producing one code for each
direction,)

The resulting sequances of codes after previous cancellation for the basic directions,
can serve as a code group for the recognition of the character scanned.

This sequence of codes (code group) is compared with samples retained in the memory.

On the basis of such comparisons the analyzed symbol is selected as one of the char-
acters in the clphabet, and the iutomatic Reader outs out the code for that gymbol.

It is assumed that a RMeader built on this principle can be used to read Hifferent
alphabets.

For that pirpose, sample symbols for each character of a given alphabet should be
fed into the Headar synchronously with their code. (In other words, the coded
symbols which must sppear cn the output of the Automatic Reader as a result of a .
comparison with a selected symbol.) )

The construction of the character, on the output of the device, is the seme as the
reading or scamming process, which involves following the contour of the sample
character.

During that "follow-up" or scanning, the sequences of codes of the basic directions
developed by the analyner, ars registered in the memory, together with the code
of the symbol (character).

Repeating simuitaneously, the above described procedure for all symbols of an
alphabet, the memorized symbols are bsing used as samples during the read-ocut
comparison for their recognition.

In this memorandum, the authors do not attempt to describe and analyze the
Automatic Reader in all its functions.

Such analysis is feasible only after a device of this kind is built and tested,
In this wark, a detailed analysis of only a numerical (digital) tracing system
is described.
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This di~ital reader has been bullt and successfully tested by the "Computers
Center o7 the fcademy of ltiences in U.2.S,R.," This gysten by itself can present
a simificant interest,

A Wwo Crdinate Numerical (Digital) Trasing System

0 >

tracing System of an ‘utomatic Reader must make certain that the beam, of the
lectron~tracing tube is tracing, cr following, the outside contour of the
character image, il.e., moving along the border of the black and white fields.

~3

his wracing system di{fers frow the usual concept in which the motion of the
electron beam is in only ecnz direction,

The proposed %tracer econtrols the elsctron beam in two directions.

This system cannot be replaced by two single motion syst2ms, because the ordinates
of points along the contour of the character cannot be interrroted in a simple
manner., They (the ordinstes) camnot be presented as a single function of time,

or any other independent varlable, C[escriptions of that type of tracing systems
do exdst in literature. It was proposed for an autoratic duplicating (copying)

of drawingrg cn paper of sinple contours.

# Reference, J, Loel, ”Communicatlon Theory'/London 1952
Symposium/317-327, London 1953, In|this system a besnm of
licht is movine continuously in a ¢ircis, intersecting
the contour of the line hring btraced . The signals which
are bpeinr generated by the photocell during intersection of
the traced 1line operate two (2) electrical motors. Depending
on the shase of the si~nals and the phase of the light beam
moving in a circle, the motors move the center of the circle,
together with the reading mechanism. This motion is controlled
in such & manner thal the center of the circle tends to follaw
the contour of the line at all times,

Such a system completely =zolves the existing problem.

Though this systom is boned on a continuous duty cycle of the tracing operation,
corrolating cuch a systrwm with digital information »f any lkind may create
unnecesuary problems. In aidition, a continmious duty cycle for a tracing

system uaavoidably requires a sclution to fairly complicated problems in respegt
to stabilizotion and quality of tracing. In & digital system these problems
are golved considersbly easier. ’

As described above, it is reascnable to devalop a tracing system for an
Automatic Reader in a digital form. In that system, the input signals are digits
(separate bits of informaticu). The tracing motion consists of individual
"steps", and control of the motion is achieved through the dipital automat,
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pesic Logic for Tracing

As & basie spproach for a digital tracing system, certain prineiple rules
shoulid be developed. The scanning beam motion should follew these rules
assuring a pozitive metion aleng the outline of the character.

Due to the fact that the svystem is to be digital (binery), the motion of the
bear must te hreoken doim and "steps" of equal size with a predetermined
dirvection. Dlessd on this principle, the bean can follow the contour of any
line, .

The number of these basic directions should be more *han two (2),

It is absolutely necessary that the system be infermed, at any instant of
time, of the relative location between the scanninz beam and the closest
portion of the border lirne; between the black and white fields.

In order to achieve that reguirement, besides the main tracing oeam, it is
necessary to have a number ol secondary so called "Probing Beams", These
probing beams are supposed to move together with the main beam and give
information on the location of the traced borderlige. The probing beams
guide the direction of futwre motion of the nain beam.

However, from a technical point of view instecad of the Probing Beams, it is
much easler to have the sain beam "follow-up", in a certain sequence, all the
points where the Probing Beams are supposed to be. In this case, the
information received during such a "follow-up" must be remembered and stored
for a short period cf time,

(In other words, the siidencoe of the main beam must be performed by the digital
suiomat),

Mon.Primitive” Schematic

The logic of the tracing system should guide the main beam in such a fashion that
it would pass through all "Probing" points and at the same :time retain uniform
motion along the border of the line. The most simple and yet, at the same tims,
fairly advance locic for a tracing system consists of the following:

1, TFirst Zule
The tracing beam has a possibility to move in

four basic directions, i.e., up, down, left or
right in steps of equal size,

F T y i
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After completion of each “step", the direction of motion
chanpres in such a way that the final motion of the

Fad

tracipg onean follows the sides of a square.

3. dnird Tule

The be

eur. nas ¢ clovkwise direction of motion over the
black Boakercund il counbter-clackwise direction over
the wnite hackground. The motion of the tracing beam

(bzsed on *hc above rrinciples) is shown in figure 1.
The lopic (based on the above priscizles; is economjcal due to the fact that the
bear: is making a minimum numver of Iieps (motions) in order t~ obtain the
neceszary information fo» locating whe berder of the traced lines,

It 18 easy to zvaluate the zeeuracy or quality of the tracing technique.
resultine in the beam nover ~oving suay from the traced line more rthan 17 steps.

The questior rf stability of mction raguires a more detailed analysis. It is
not difficult to realize vha a s%able trazcing beam and cheracter, free of
outisde interference “olleus any confipguration of the contour of the line to
be traced and carnet 4istert Ehe line meve than 13 "siaps",

owever, in case cut 14¢ interierence is present, the stablliiy is lost and the
bean starting abt scre ‘netant of ilme can possibly start moving in the presnribed
ngquare" manner without intersecting the character border. (Sce figure 2.)

This phenomena »as observad during the experimental work using a tracing device
operating under the above “entioned principles.

If for any reason, s%ep .1, indicated on figure 3 by "O", is slightly longer than
normal, and step 2 shorter than normal, the tracing bveam will not intersect the
character ”urmni step /'3, and even during any future motion of the fracing beam.

For these reaons, there cannot be developed an adequate system insuring stabilized

notion by trvine to stabilize the step size,

Jowever, a cirple change in the previously described logic can assure stability.
Thds clence is that if the beam does not intersect the contour of the character
during two sdjacent 3tepa it would circle around the spot where the last
interscction -eourrad.

To be able 1o accomplish such a change in logic, the second basis rule must be
modificd Loy be;

"If, during the two adjacent steps, no intersecticns, betweer beam and
contour sccurred, and during the time before such next intersection
does ocrur, directional changes of the beam must follew each uneven
mumber of steps". The step wihich made the last intersection is
considered to be the zero (0) step,
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In other words, starting from some instant o7 time the beam starts meving
alony a zquare which side is doubled in size., If a displacement of the
beam, or character occurs hecause of interference and does not exceed the
size of ~ne "etep" during a length of time corresponding to i1t Steps,
the tracing bear must agein intersect the character bhorder.

The actual testing aralyciz proved that systems operating by sich modified
lories are stanle,

Schenatic of a Tracing  Systom

A tracing cyolem operating on the principle described above is shown in figures
L and 3
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Figure L

£ reduced imare size of the CRT screen face is prcjzcted on a sheet of paper
through an optical systen, On thaet paner characters are printed. By doing this,
the imare of a light dot on the screen of the CRT projects on the dark land

of the character or on the white background of the paper, The reflected light
from the paper is projected onto ihe cathode of a piotowelectric multiplier,

The intensity of that reflected lipht dep2nds on where the 1ipht dot is located
at that instant of time. The cutput pulse from the photo~electric multiplier
operates a "non-symmetrical trigger" in such a mamner that during each change
from white to black, or vice verss, The ™on-aymmetrical triggew (flip-flop??)
changes its condition.
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The :non~symm?trlcaltllggeﬁ', together with ‘wo pulse generators (one shot3??)
develops & "block" which ~encrates the signels during the border intersection,

T m 1. . .
This "block" has two outputs. One of them gencrates a pulse by crossing from
white to black ond the other from black *o white.

" - . ' E ~ 3 4
These signels are uged us inout signale Tor & device which directs the motion
of the beam.
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